s the population grows older, the burden of cardiovascular disease is increasing rapidly. In spite of the larger numbers of very elderly patients with coronary syndromes, many questions about treatment and its effects on outcomes remain unanswered.
The rapidly evolving management of patients with acute coronary syndromes over the past decades has led to improved survival rates. [1] [2] [3] [4] [5] However, these improvements have been observed mainly among the younger segment of the population. 6 The use of invasive procedures is increasing over time, but data are conflicting regarding the relative increase and effectiveness of these procedures in the very elderly population. 3, 4, 7 Recent studies comparing early invasive and conservative strategies in patients with non-ST-segment elevation acute coronary syndromes have suggested that the benefit of invasive care was greater among the oldest (aged 75 years or older) patients. [8] [9] [10] [11] Whether the results of these studies published at the beginning of the present decade led to substantial changes in practice in care of the very elderly population is unknown. The impact on long-term outcomes of these likely changes in patterns of practice is also unknown.
Therefore, our objectives were to describe the temporal trends, over a decade, in use of invasive cardiac procedures and prescribing of medications after acute myocardial infarction in a population of patients aged 80 years old and over. We aimed to describe the changes in risk profiles of these patients and to describe temporal changes in short-and long-term outcomes.
Methods Database
We used the Med-Echo database of hospital discharge summaries to identify very elderly patients in the province of Quebec who were admitted for acute myocardial infarction between Mar. 30, 1996, and Mar. 30, 2007 . This database, which contains information on all hospital admissions in Quebec, has been described in previous publications.
12 -14 The accuracy of the coding used in hospital discharge data to identify elderly survivors of myocardial infarction has been validated.
We included patients with a main diagnosis on admission of acute myocardial infarction (code 410 in the 9th and 10th revisions of the International Classification of Diseases) if they were aged 80 years or older at the time of the infarction. To build a cohort that would include mostly patients with a first myocardial infarction episode and to avoid possible double-counting of patients transferred for angiographic procedures, we excluded those who had a previous diagnosis of myocardial infarction since 1988. We also used the MedEcho database to obtain information on patients' comorbidities and in-hospital complications of myocardial infarction (i.e., shock, arrhythmia, acute renal failure).
We used the Régie de l'assurance maladie du Québec database, which contains physicians' claims and medication claims, to obtain information on all in-and out-patient procedures (i.e., diagnostic and therapeutic coronary angiograms, and coronary artery bypass graft surgery). Although we studied 30-day rates of percutaneous coronary interventions, the period for coronary artery bypass graft was extended to 90 days to reflect longer wait times for patients awaiting surgery on a semi-elective basis. We also used the Régie de l'Assurance Maladie du Québec database to obtain information on medication prescriptions for all patients at 30 days after discharge from hospital. The accuracy of these databases to obtain prescription information in patients aged older than 65 years has been shown to be high. 16 
Outcomes
Survival was assessed by using data from both Med-Echo and Régie de l'Assurance Maladie du Québec. An algorithm intended to maximize the reliability of the variable of vital status was built and was described in previous studies.
14 For all patients, the 30-day and one-year survival time after acute myocardial infarction were assessed. The database Med-Echo was used to obtain information on readmissions to hospital for recurrent myocardial infarction or congestive heart failure during the year after the indexed acute myocardial infarction. We excluded any admissions that took place within 30 days of the initial acute myocardial infarction, because they were more likely to represent readmissions for diagnostic or therapeutic procedures rather than true complications of myocardial infarction. In patients who underwent neither coronary artery bypass graft within 90 days nor percutaneous coronary intervention within 30 days, we measured the rate of revascularization procedures performed after these delays but within one year of the acute myocardial infarction. To show temporal variations, outcomes were then reported according to the fiscal year during which the myocardial infarction had occurred.
Statistical analysis
We used descriptive statistics to portray the characteristics, medications, rates of procedures and outcomes of patients over time. Using χ 2 analysis, we compared data from the first four years of the study (1996) (1997) (1998) (1999) with the last quadrennial period (2003) (2004) (2005) (2006) to reflect temporal changes.
Results

Temporal trends in patient characteristics
The demographic and comorbidity data of our population are detailed in Table 1 . The mean age of our population was greater during the period 2003-2006 than during that of 1996-1999. Between the two periods, the prevalence of female patients increased significantly. Regarding the reported comorbid conditions, there was an increase in the prevalence of diabetes mellitus, dyslipidemia, malignancy, chronic renal failure and hypertension, and a decline in the prevalence of congestive heart disease and history of stroke or CMAJ 2 who underwent neither percutaneous coronary intervention nor coronary artery bypass graft within these delays, a total of 486 (1.9%) had a late revascularization procedure within the year after the first myocardial infarction. During the study period, rates of all cardiac procedures showed a significant increase ( Figure 1 ). The largest increment was seen in the rate of percutaneous coronary intervention at 30 days which increase by 22.7% over that period. The use of early percutaneous coronary intervention performed on the same day or the day after the date of admission began to increase in 2001 and increased by 12.9% over the study period.
Trends in prescribing
The prevalence of patients being prescribed angiotensin-converting enzyme inhibitors or angiotensin-receptor antagonists, anti-platelet agents (acetylsalicylic acid, clopidogrel or ticlopidine), β-blockers and statins at 30 days after their discharge from hospital was significantly greater during the last period (2003) (2004) (2005) (2006) than at the beginning of the study (1996-1999) (p < 0.001 for all medications) ( Table 2) .
Outcomes
In the whole cohort of very elderly patients, the rate of one-year mortality after acute myocardial infarction decreased over the studied decade in a constant linear fashion from 48.4% in 1996 to 39.0% in 2006.
Among patients who underwent percutaneous coronary intervention within 30 days of their admission date, the rates of one-year mortality also improved over the decade but seemed to reach a plateau in 2001 and then stabilize. Among patients who underwent coronary artery bypass graft within 90 days, there was large year-to-year variation. The rates of oneyear mortality remained unchanged among patients who did not undergo a revascularization procedure within the stated delays. Mortality trends according to the management strategies are shown (Figure 2 ). The rate of 30-day mortality after acute myocardial infarction was lower during the last study period (2003) (2004) (2005) (2006) than during the period of 1996-1999 (23.5% v. 30.4%, p < 0.001) ( Table 3 ). The rates of readmission for recurrent myocardial infarction did not change over time, whereas readmissions for congestive heart failure during the year after the acute myocardial infarction were less frequent during the last study period.
Interpretation
Our study shows that there were important temporal changes in practice patterns concerning the management of myocardial infarction in the very elderly population. The 12-fold increase over the studied decade in rates of percutaneous coronary interventions in this population is consistent with observed trends in the literature. Peterson and colleagues had shown a 10% increase in the rate of percutaneous coronary interventions from 1991 to 1999 among patients aged 75 years or older. 3 This trend is supported by data from the ongoing Worcester Heart Attack Study, which shows substantial increases in the use of percutaneous coronary interventions among members of the population of the Worcester metropolitan area hospitalized with acute myocardial infarction from 1986 until 2005, with the most rapid increase beginning in the late 1990s. Our data also suggest that there has been a major change in the management strategy of myocardial infarction in the very elderly during the turn of the century, with use of early percutaneous coronary interventions performed on the first day of acute myocardial infarction. Most of these early percutaneous coronary interventions likely represent either primary interventions in patients presenting with ST-segment elevation myocardial infarction or application of the early invasive approach to non-ST-segment elevation myocardial infarction. Many recent trials [8] [9] [10] [11] have provided evidence of the survival benefit of the early invasive strategy, which may explain, at least in part, the more prevalent use of early percutaneous coronary interventions in our population since 2001.
Regarding the comparison between primary percutaneous coronary interventions and fibrinolytic therapy, subset analysis of large randomized trials suggest that percutaneous coronary interventions should be the preferred strategy for the elderly, [18] [19] [20] which may explain the drastic increase in its use. However, a few smaller trials have targeted the older population, and their results were controversial regarding the survival benefit of percutaneous coronary interventions, especially in patients aged 80 years or older. [21] [22] [23] In our population, the increasing use of early percutaneous coronary interventions could have contributed in part to the constantly improving mortality curve.
Our data also show important changes in prescribing patterns over the past decade, with recommended medications now being routinely used in patients aged 80 years or older with myocardial infarction. This finding is in agreement with many previous studies showing that evidence-based therapies for secondary and tertiary prevention of acute coronary syndromes (e.g., statins, anti-platelet agents, angiotensinconverting enzyme inhibitors or angiotensin-receptor blockers, β-blockers) were increasingly used among the elderly. [24] [25] [26] [27] [28] [29] [30] Independently of procedure use, this increasing use of medications surely had a great impact on improvements in survival.
Our data are in accordance with recent studies showing increasing prevalence of comorbidities among patients selected for percutaneous coronary interventions and coronary artery bypass graft procedures. [31] [32] [33] Our findings show that, in parallel to the increase in procedure use, the characteristic profile of very elderly patients who experienced acute myocardial infarction has changed over time, with increasing prevalence of female sex, diabetes mellitus, dyslipidemia, malignancy, chronic renal failure and hypertension. This change probably reflects advances in the management of these conditions, which previously used to induce fatal complications at younger ages in affected patients. In addition, we believe that high-risk patients are increasingly likely to reach the hospital before dying, reflecting improvements in prehospital care.
Another explanation could be that elderly patients who live in long-term care facilities are now quickly referred to acute care hospitals when symptoms of myocardial infarction occur. Regarding temporal changes in outcomes, our study shows that one-year survival after acute myocardial infarction improved from 1996 to 2006. Few studies have reported long-term mortality trends. Wellenius and Murray found a reduction in myocardial infarction case-fatality rates in all age groups from 1984 to 2003, with the greatest absolute reductions seen among those aged 75-79 years and the greatest relative reductions seen among those aged 70-74 years. 6 In our study, patients aged 80 years or older who underwent percutaneous coronary interventions tended to have an improvement in one-year survival. We also saw a trend toward improved one-year survival among patients who had coronary artery bypass graft, although substantial year-to-year variations were observed owing to relatively small numbers in this subset of patients. Little data are available regarding post-procedural outcomes in the very elderly. Ryan and colleagues found no significant change in mortality between 2001 and 2004 among a large sample of Medicare beneficiaries who underwent revascularization; however, the inclusion criterion was coronary revascularization, not myocardial infarction. 34 Our discordant findings may reflect advances in overall management of acute coronary syndromes made in the past few years, with emphasis on the combination of effective medical therapies and invasive procedures, in addition to improved logistics of care. This hypothesis is supported by our observation of improvement in outcomes over time in spite of worsening comorbidity profiles.
Limitations
Our population-based retrospective study had several limitations. Our administrative databases provided reliable yet incomplete information. Coronary anatomy and clinical data, such as type of myocardial infarction (i.e., ST-segment elevation versus non-ST-segment elevation myocardial infarction), ejection fraction or in-hospital medications (including thrombolytic therapy) were not available. This information would have been of great value to our analysis, given that the decision to proceed to a revascularization procedure is largely based on these important clinical and angiographic data. Outcomes such as quality of life and functional class could not be evaluated.
In addition, although the use of hospital discharge data in Quebec was shown to be adequate for identifying patients with acute myocardial infarction, comorbid conditions and complications are substantially underreported. 15, 35, 36 Considering that there was no substantial improvement in quality of administrative data with the implementation in Canada in 2001 of the coding system of the International Classification of Diseases, 10th edition, 37 it is doubtful that the trends to increased comorbidity over time can be attributed to an improvement in reporting of conditions in administrative databases. In 2000, the European Society of Cardiology, the American College of Cardiology and the American Heart Association made recommendations on the use of biomarkers for the detection of myocardial infarction with the purpose of increasing sensitivity and specificity of the diagnostic procedure. 38 This change in definition could have had an impact on our data; unfortunately, the date on which each hospital adopted these recommendations was unavailable. Characteristics of hospitals (e.g., whether there was an on-site catheterization laboratory) were also missing.
Important issues such as the frailty index or the physician's preference regarding management could not be taken into account in our study. In addition, patients who underwent interventions had to survive until the procedure was performed. For these reasons, it cannot be stated with certainty that the incremental increases in rates of revascularization procedures are responsible for the improved outcomes of very elderly patients with acute myocardial infarction.
Conclusion
Aside from its large size, the advantage of our population-based study over hospital-based registries is that it depicts, across a decade, a real-life, province-wide experience and not only the experience of a sample of the population. Substantial numbers of revascularization procedures are now being performed in very old patients for whom such procedures were not even considered a decade ago. In the context of an aging population and limited health care resources, it is imperative to determine whether such drastic changes in practice are cost-effective.
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